Nuclear acceptor sites (binding sites) for the avian oviduct progesterone receptor (PR) have been reported to involve both DNA and specific chromatin proteins in the tightly bound fraction termed CP-3 (1-6). These acceptor sites bind the PR with high affinity and saturability. Similarities between cell-free nuclear binding to these sites using isolated PR and nuclear binding in vivo have been reported (2, 3, 7-11). Nuclear acceptor sites for the avian oviduct estrogen receptor have also been reported to be composed ofDNA and a tightly bound protein in the CP-3 fraction (12), although these sites appear to be distinct from the acceptor sites for PR (13). Similarly, a role for tightly bound proteins and DNA in the nuclear acceptor sites for androgens, estrogens, progesterones, and glucocorticoids in mammalian tissues has been reported (12, (14) (15) (16) (17) . It has recently been shown that the number of PR binding sites on hen DNA, generated by rehybridizing increasing quantities of acceptor protein to the hen DNA, is limited (6), suggesting that specific DNA sequences may be involved in the nuclear acceptor sites for PR. In this paper, we attempt to substantiate this possibility by determining whether or not DNA from other species can bind to the hen oviduct acceptor protein to generate nuclear acceptor sites for the PR.
vertebrates but not among nonvertebrates as are the steroid hormones and their receptors. The exact numbers and distributions of these sequences in the avian genome are not known.
Nuclear acceptor sites (binding sites) for the avian oviduct progesterone receptor (PR) have been reported to involve both DNA and specific chromatin proteins in the tightly bound fraction termed CP-3 (1-6). These acceptor sites bind the PR with high affinity and saturability. Similarities between cell-free nuclear binding to these sites using isolated PR and nuclear binding in vivo have been reported (2, 3, (7) (8) (9) (10) (11) . Nuclear acceptor sites for the avian oviduct estrogen receptor have also been reported to be composed ofDNA and a tightly bound protein in the CP-3 fraction (12) , although these sites appear to be distinct from the acceptor sites for PR (13) . Similarly, a role for tightly bound proteins and DNA in the nuclear acceptor sites for androgens, estrogens, progesterones, and glucocorticoids in mammalian tissues has been reported (12, (14) (15) (16) (17) . It has recently been shown that the number of PR binding sites on hen DNA, generated by rehybridizing increasing quantities of acceptor protein to the hen DNA, is limited (6) , suggesting that specific DNA sequences may be involved in the nuclear acceptor sites for PR. In this paper, we attempt to substantiate this possibility by determining whether or not DNA from other species can bind to the hen oviduct acceptor protein to generate nuclear acceptor sites for the PR.
MATERIALS AND METHODS
Isolation and Binding of the PR and Nuclear Components. The methods and materials used in these studies have been described (6) . The PR binding assay used the streptomycin assay (18) with modification in the measurement of radioactivity. The method ofisolating the nonfunctional PR, which can bind the steroid but cannot bind the nuclear acceptor sites in vivo or in vitro, is described elsewhere (7, 8, 10) .
Nuclei and chromatin were isolated and purified from these homogenates by using modifications of previously described methods (7) . All steps were performed at 0-40C. Isolation of the native nucleoacidic protein (NAP) and pure hen DNA has been described (4, 6, 18) . Chromatin, NAP, and DNA were suspended in 4 mM Tris.HCl/0.2 mM EDTA, pH 7.5, at 0.5-1.0 mg ofDNA/ml for use in the PR binding assays. CP-3 protein was isolated from hen oviduct chromatin by using hen oviduct chromatin-hydroxylapatite chromatography as described (6) . This chromatin-hydroxylapatite resin was treated with a stepwise gradient of increasing concentrations of guanidinium hydrochloride (Gdn.HCl)-0, 4, and 7 M-in 0.1 M sodium phosphate buffer, pH 6.0, at 40C. The ratio of solvent to resin (ml/g of resin) was -5 with a flow rate of 5.0 ml/min. The protein concentration in the eluting fractions was determined by the method of Bramhall et al. (19) substituting Coomassie blue stain or by the method of Bradford (20) . In later studies, the method of Bradford was used for protein quantitation.
Reconstitution of CP-3 to DNA to Obtain Reconstituted NAP Containing PR Binding Sites. The method for reconstituting the NAP that results in optimal recoveries of acceptor sites for PR when using the hen oviduct chromosomal protein fraction (CP-3 fraction) and hen DNA is described elsewhere (6) . Briefly, lyophilized CP-3 proteins-e.g., those in the fraction extracted from the chromatin-hydroxylapatite column by 4-7 M Gdn HCl-were resuspended in buffered 6. 
stranded DNA with precise alternating nucleosides in each strand [sedimentation (s20) = 6-9], from P-L Biochemicals; poly(dA)-poly(dT) and poly(dG)-poly(dC) DNA, synthetic double-stranded DNA with each strand consisting ofhomologous nucleosides, from P-L Biochemicals. All DNA preparations were assayed for RNA and protein contamination as described (6, 21) . Purities of the DNAs, containing <0.5% (wt/wt) protein, were analyzed as described (6) . All DNA preparations were handled gently during purification and resuspension to avoid artifactual increases in PR binding as described (19) . Sources of DNAs were as follows: 0, hen spleen; *, salmon sperm; *, E. coli; o, human uteri; o, Charon (18) . Results were corrected for DNA binding. Thie experimental design was the same as described for DNA binding (Fig. 1) Fig. 1 (Fig. 4) 
RESULTS
4A virus. (B) *, poly[d(A-T)].poly[d(A-T)]; o, poly(dA).poly(dT); *, poly[d(G-C)]poly[d(G-C)]; o
Binding of the Acceptor Protein to DNAs that Do Not
Generate Acceptor Sites. Using hydroxylapatite to adsorb the reconstituted NAP, we redissociated the proteins from the reconstituted NAPs with increasing concentrations of Gdn-HCl and assayed for acceptor activity as described (6) . Table 1 shows that bacterial DNA, which does not generate acceptor sites with the acceptor protein, does bind the acceptor protein (Fig. 2) . 
DISCUSSION
A species specificity has also been found with regard to the sources of the DNAs used to generate PR acceptor sites with hen oviduct CP-3. Our results support a DNA sequence specificity for the avian oviduct acceptor protein for the PR. The following observations support the hypothesis that PR binding to the heterologous NAPs represents specific/ biologically relevant acceptor sites: (i) the numbers of acceptor sites generated on heterologous DNAs (salmon and dog DNA) with hen CP-3 protein are saturable, (ii) receptor binding to these regenerated sites is saturable, and (iii) the binding is receptor dependent. Binding of the PR to the pure The most significant specificity for the generation of acceptor activity was found at low CP-3 protein/DNA ratios similar to levels found in native chromatin. Interestingly, even at high protein/DNA ratios, [3H]PR binding levels followed a grouping oforganisms based roughly on evolutionary divergence. The fact that wheat germ DNA can generate sites is currently inexplicable. Overall, the quantitative binding follows a general evolutionary pattern with the division occurring somewhere during the divergence of fish and amphibians 350 to 450 million years ago (22) . The evolutionary sequence follows the general path of bacteria, fungi, plants, insects, fishes (first hagfish, then sharks, and finally bony fishes), amphibians, reptiles, birds, and lastly mammals. The utilization of mammalian steroids as true hormones appears to be restricted to animals under the subphylum Craniata, phylum Chordata (for reviews, see refs. [23] [24] [25] [26] . This includes the classes of lampreys, sharks, bony fish, amphibians, reptiles, birds, and mammals. Among the various classes ofanimals responding to mammalian steroids, there is considerable variation in the exact steroid species synthesized and circulating in the plasma (23) . Complete information on the action of steroids in most of the classes of the subphylum Craniata is lacking. Knowledge of the presence of specific steroid receptors in these species is even more scarce. The actual induction of specific mRNA and proteins by common mammalian steroids has been identified only in fish (27) , amphibians (24, (28) (29) (30) , birds (31) (32) (33) (34) (35) , reptiles (24, 34, 36) , and mammals (37, 38) . The identification of steroid receptors (primarily estrogen receptors) is limited to amphibians (30, 39) , reptiles (40) , birds (31, 41, 42) , and a number of mammals (37, 38) . Studies specifically with the progesterone receptor have been limited largely to birds and mammals (5, 38, 43) . Alternatively, it is possible that rather than an evolutionary trend, the results observed in these studies reflect only a complexity of the genome. In other words, organisms such as plants, which do not contain steroid receptors but do contain high amounts of DNA, have a greater probability of having sufficient quantities of sequences needed to generate acceptor sites.
Concerning the nature of the specific DNA sequences involved, the high-affinity binding sites generated with (A+T)-rich synthetic DNAs suggest that such sequences may play a role in acceptor sites in the animal genomes. Obviously, many of the DNAs that fail to generate acceptor sites contain significant numbers of A+T bases. However, it may be the lengths and sequences of the (A+T)-rich regions that are important, not just the A+T composition of the genome. These data and previous data from our and other laboratories (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) appear to conflict with another model of acceptor sites wherein specific DNA sequences are recognized directly by steroid receptors (44) (45) (46) (47) (48) . The existence of two classes of sites, one containing both DNA and protein and one containing just DNA, has been suggested (49) (50) (51) . It should be mentioned that, based on the data shown in Fig. 1 , any DNA containing regions rich in adenine and thymine would display an enhanced, but nonsaturable, binding of a steroid receptor. This phenomenon might explain the reports of enhanced binding of steroid receptors to pure cloned DNA sequences that were reported to be enriched in A+T sequences and have nonsaturable binding.
In conclusion, we propose that the initial acceptor sites (nuclear binding sites) for avian oviduct PR are composed of specific acceptor proteins bound to specific DNA sequences. These sequences appear to be highly conserved among vertebrates, as is the case with the steroid hormones and their receptors (51) (52) (53) 
